Gene expression was investigated in the major brain subdivisions (telencephalon, diencephalon, midbrain and hindbrain) in a representative reptile, Alligator mississipiensis, during the later stages of embryonic development. The following genes were examined: voltage-gated sodium channel isoforms: NaV1.1 and NaV1.2; synaptic vesicle 2a (SV2a); synaptophysin; and calbindin 2. With the exception of synaptophysin, which was only expressed in the telencephalon, all genes were expressed in all brain regions sampled at the time periods examined. For NaV1.1, gene expression varied according to brain area sampled. When compared with NaV1.1, the pattern of NaV1.2 gene expression differed appreciably. The gene expression of SV2a was the most robust of any of the genes examined. Of the other genes examined, although differences were noted, no statistically significant changes were found either between brain part or time interval. Although limited, the present analysis is the first quantitative mRNA gene expression study in any reptile during development. Together with future experiments of a similar nature, the present gene expression results should determine which genes are expressed in major brain areas at which times during development in Alligator. When compared with other amniotes, these results will prove useful for determining how gene expression during development influences adult brain structure.
introduction
Despite having different alignments of neurons and variations in fiber tract connections, vertebrate brains are commonly thought to share a basic set of genes. While this may indeed be the case, most gene expression data has focused on mammals and is frequently limited to examination of adult animals in a relatively few species.
Non-mammalian amniotes, reptiles and birds, have brains that differ significantly from those of even the most primitive mammals [1] . This is particularly true of the forebrain. Despite these differences, early development of one forebrain part, the diencephalon, is similar in species as diverse as: mouse [2] , chick [3] [4] [5] , and Alligator [6] . Accordingly, later development is inferred to be the period when differences occur.
Expression of certain genes was investigated during a time period towards the end of development in a representative reptile, Alligator mississipiensis. The goal of these experiments was to provide an initial set of data that could be compared with other amniotes. Genes investigated were chosen because they were considered to be: essential for cell function (voltage-gated sodium channel isoforms, NaV1.1 and NaV1.2); involved in synapse formation (synaptophysin and synaptic vesicle 2a [SV2a]); or a member of the calcium binding protein family (calbindin 2). In addition, the choice of two of these genes, calbindin 2 and SV2a, was influenced by prior experiments using immunocytochemistry and Western blot techniques that identified calbindin in the midbrain and forebrain in juvenile crocodilians [7] and Alligator embryos 
materials and methods

Specimens
Alligator mississipiensis eggs were obtained from the Rockefeller Wildlife Refuge in Grand Chenier, Louisiana, and were housed in an incubator at 30ºC. Embryos were removed from eggs and staged. Five brains were used at the following stages: stage 22.5 (N=2); stage 24 (N-1); and stage 24.5 (N=2). After staging, animals were euthanized by occipito-cervical transection.
Brains were placed in a solution of 5% glycerol and artificial cerebrospinal fluid and stored at -80˚C until tissue was processed. Brains were divided into four parts: telencephalon; diencephalon; midbrain; and hindbrain (see Figure 1 ). The diencephalon included the thalamus and hypothalamus and the cerebellum was included as part of the hindbrain.
Quantitative RT-PCR
Methodology used here has been described previously [9, 10] . Briefly, total RNA was isolated Resulting mRNA levels were compared to L27, a ribosomal housekeeping gene. The mRNA level for each probe (x) relative to L27 mRNA (internal control) was calculated as follows:
Ct (L27)-Ct(x) × 100.
Results
Messenger RNA (mRNA) expression of five genes was assessed in Alligator embryos. Results are presented by gene type, brain region, and developmental stage. Because some morphological changes occur in Alligator brains over the stages investigated, primarily affecting olfactory bulb size and shape, a more generalized schematic is shown to illustrate the approximate location of brain divisions sampled. Abbreviations: D, diencephalon; HB, hindbrain; MB, midbrain; OB, olfactory bulb; Tel, telencephalon.
Gene
Forward 
SV2a
SV2a expression in the diencephalon and telencephalon was markedly more robust than that of any of the genes investigated.
Although no appreciable change occurred in the diencephalon over time, a significant increase occurred in the telencephalon (Figure 4 ).
Synaptophysin
Because synaptophysin was not expressed in the diencephalon, data on this gene were available only for the telencephalon ( Figure 5 ).
Over time, mRNA expression increased, although this change did not reach statistical significance.
Calbindin
Calbindin gene expression in the diencephalon was greater than that observed in the telencephalon ( Figure 6 ). Expression in the diencephalon did not change over time while that in the telencephalon decreased. However, none of these changes reached statistical significance ( Figure 6 ). 
discussion
Measures were undertaken to standardize tissue from the brain regions being sampled.
For this reason, the olfactory bulbs were excluded. In the diencephalon, the rostral and caudal borders were based on an oblique plane that was consistent through is expressed mainly in cerebellar granule cell parallel fibers [13] . Despite the limited region and developmental stage analyses reported here, the expression of the different isoforms varied by 8-to 10-fold, regardless of region or developmental stage (Figures 2 and 3 ). These findings are remarkably consistent with a 7-fold change reported in the mRNAs for the two isoforms in human brain [14] . The expression of Nav1.2 was also reported to be much higher than Nav1.1 in the hippocampus and cerebral cortex in rodents [15] . This remarkable conservation of the relative ratio of NaV1.1 and 
